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TEMPERATURE CONTROL APPARATUS OF
WORKING MACHINE

FIELD OF THE INVENTION

The present mvention relates to a temperature control
apparatus of a working machine and 1n particular relates to a
temperature control apparatus of a machine tool such as a
numerically controlled lathe or a machining center.

BACKGROUND OF THE INVENTION

With a machine tool such as a numerically controlled lathe
or a machining center, a spindle 1s rotated to move a tool rest,
a spindle head and the like 1n order to perform cutting work on
a work piece. Thus, the temperature of the respective compo-
nents of the machine tool will rise due to the heat generation
in the motor or rotating portion and the heat generation caused
by the contact of the tool and the work piece.

Even 1n the following morning after the operation of the
machine tool 1s ended, there are cases where the heat gener-
ated 1n the previous day remains in the respective components
of the machine tool. Consequently, thermal displacement
caused by the temperature difference between the tempera-
ture 1n the room 1n which the machine tool 1s installed and the
temperature 1n the working area will occur 1n the respective
components of the machine tool, which 1s undesirable 1n
terms of working accuracy.

With the working machines disclosed in Japanese Patent
Application Laid-open No. 2003-2910350: Patent Document 1
and Japanese Patent Application Laid-open No. 2006-
102939: Patent Document 2, the temperature 1n the working
area 1s controlled to be a predetermined temperature and the
working accuracy 1s prevented from being lowered due to
thermal displacement by covering the entire working
machine with a cover and supplying cool air, the temperature
of which 1s controlled with an air conditioning unit using a
cooling medium such as tfluorocarbon (CFC), mside of the
cover.

Nevertheless, since the working machines disclosed 1n
Patent Document 1 and Patent Document 2 require an air
conditioning unit, they are expensive and much energy must
be spent 1n order to control the temperature 1n the working,
area to be a predetermined temperature.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a tempera-
ture control apparatus of a working machine that 1s mnexpen-
s1ve, energy-saving and capable of eliminating the tempera-
ture difference between a temperature 1n a room in which the
working machine 1s 1nstalled and a temperature 1n a working,
area.

The foregoing object1s achieved with the following means.
Specifically, the temperature control apparatus of a working
machine according to the first aspect of the present invention
includes ventilating means for replacing internal air in the
working area with external air surrounding the working
machine between the working area inside the working
machine and the exterior of the working machine, compris-
ing: a working area temperature sensor that detects a tempera-
ture of the working area; an external air temperature sensor
that detects an external temperature surrounding the working,
machine; a ventilating means drive unit that drives the venti-
lating means; and a ventilating means control unit that com-
pares the temperature 1n the working area, which 1s detected
with the processing area temperature sensor, the external
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temperature surrounding the working machine, which 1s
detected with the external air temperature sensor, and a pre-
set target temperature 1n the working area and, 1n accordance
with a result of the comparison, outputs a signal for driving or
stopping the ventilating means to the ventilating means drive
unit when the working machine 1s not being operated.

The temperature control apparatus of a working machine
according to the second aspect of the present mvention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
ventilating means control unit outputs a signal for driving the
ventilating means to the ventilating means drive unit when the
temperature 1n the working area becomes higher than both the
external temperature surrounding the working machine and
the target temperature 1n the working area.

The temperature control apparatus of a working machine
according to the third aspect of the present imvention 1s a
temperature control apparatus ol a working machine accord-
ing to the first aspect of the present invention, wherein the
ventilating means control unit outputs a signal for driving the
ventilating means to the ventilating means drive unit when the
temperature in the working area becomes lower than both the
external temperature surrounding the working machine and
the target temperature 1n the working area.

The temperature control apparatus of a working machine
according to the fourth aspect of the present invention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
ventilating means control unit outputs a signal for stopping
the ventilating means to the ventilating means drive unit when
the temperature 1n the working area becomes equal to the
external temperature surrounding the working machine.

The temperature control apparatus of a working machine
according to the fifth aspect of the present mvention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
ventilating means control unit outputs a signal for stopping
the ventilating means to the ventilating means drive unit when
the temperature 1n the working area becomes a value between
the external temperature surrounding the processing machine
and the target temperature.

The temperature control apparatus of a working machine
according to the sixth aspect of the present imvention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
temperature in the working area that i1s detected with the
working area temperature sensor 1s an air temperature 1n the
working area.

The temperature control apparatus of a working machine
according to the seventh aspect of the present mnvention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the mvention, wherein the tempera-
ture in the working area that 1s detected with the working area
temperature sensor 1s a main structure temperature of the
working machine.

The temperature control apparatus of a working machine
according to the eighth aspect of the present invention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
external temperature surrounding the working machine that 1s
detected with the external air temperature sensor 1s an air
temperature 1n the room 1n which the working machine 1s
installed.

The temperature control apparatus of a working machine
according to the ninth aspect of the present ivention is a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present ivention, wherein air
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replacement performed by the ventilating means 1s performed
by the opening and closing of a cover that covers at least a part
of the working area.

The temperature control apparatus of a working machine
according to the tenth aspect of the present invention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present mnvention, wherein the
ventilating means 1s a fan provided in the working machine.

The temperature control apparatus of a working machine
according to the eleventh aspect of the present invention 1s a
temperature control apparatus of a working machine accord-
ing to the first aspect of the present invention, wherein the
ventilating means control unit outputs the signal only during,
a specific time period of a day.

The temperature control apparatus of a working machine
according to the present invention including ventilating
means for replacing internal air in the working area with
external air surrounding the working machine between a
working area 1nside the working machine and an exterior of
the working machine comprises a ventilating means control
unit that compares the temperature in the working area, which
1s detected with the working area temperature sensor, the
external temperature surrounding the working machine,
which 1s detected with the external air temperature sensor,
and a pre-set target temperature 1n the working area and, 1n
accordance with a result of the comparison, outputs a signal
for driving or stopping the ventilating means to the ventilating
means drive unit when the working machine 1s not being
operated. Thus, an air conditioning unit 1s no longer required
and 1t 1s possible to provide an inexpensive and energy-saving
temperature control apparatus of a working machine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front view showing a general composition of a
numerically controlled lathe provided with the temperature
control apparatus of a working machine according to an
embodiment of the present imnvention and showing a state
where the cover for covering the opening for working 1s
closed.

FI1G. 2 1s a front view of the numerically controlled lathe of
FIG. 1 showing a state where the cover for covering the
opening for working 1s open.

FI1G. 3 1s a block diagram showing a numerical control unit
provided with the temperature control apparatus of a working,
machine according to an embodiment of the present mnven-
tion.

FI1G. 4 1s a flowchart showing the operation of the tempera-
ture control apparatus of a working machine according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

Embodiments of this invention will be explained with ref-
erence to the drawings below. FIG. 1 1s a front view showing
a general composition of a numerically controlled lathe pro-
vided with the temperature control apparatus of a working
machine according to an embodiment of the present invention
and showing a state where the cover for covering the opening
tor working is closed. FIG. 2 1s a front view of the numerically
controlled lathe of FIG. 1 showing a state where a cover for
covering the opening for working 1s open.

A numerically controlled lathe 1 shown in FIG. 1 and FIG.
2 1s composed of a tool rest 12 that 1s disposed movably 1n the
X axis and Z axis directions on a bed 11, a headstock 13 that
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4

1s fixed on the bed 11 and a tailstock 15 including a tailstock
spindle 14 that 1s disposed movably 1n the Z axis direction on
the bed 11.

A chuck 16 1s mounted on the tip of a work piece spindle
(not shown) of the headstock 13 and the work piece (not
shown) 1s gripped by the chuck 16. The tool rest 12, the chuck
16 and the tailstock 15 configure a working area A (see FIG.
2) for performing machining on the work piece.

The tool rest 12, the headstock 13, the tailstock 15 and the
like on the bed 11 are entirely covered with a body cover 17
for preventing chips and cutting o1l from scattering to the
outside. An operation panel 18 1s mounted on the right side of
a front body cover 171 constituent of the body cover 17. The
operation panel 18 1s used for setting the working program,
inputting the various setting values of the temperature control
apparatus according to the present invention and monitoring
the state of working and the like.

An opening for working 172 1s formed on the front body
cover 171 at the center portion in 1ts horizontal direction. The
opening width of the opening for working 172 1s set to be a
s1ze that encompasses the chuck 16 and the tailstock spindle
14; that 1s, a size that surrounds the working area of the center
work piece and the opening height of the opening for working
172 1s set to be a size that encompasses the lower edge and
upper edge of the front body cover 171. The state of working
ol the work piece can be observed through the opening for
working 172, which 1s also used for attaching and removing
the work piece to and from the chuck 16, attaching and
removing a tool to and from the tool rest 12 and performing
other maintenance.

A cover (ventilating means) 173 for opening and closing
the opening for working 172 1s disposed on the front body
cover 171. The cover 173 covers at least a part of the working
area A and 1s supported so as to be slidable along a guide rail
174 that 1s disposed at the upper edge of the front body cover
171. A cylinder (ventilating means drive unit) 173 1s mounted
on the upper right edge of the front body cover 171 and the
cylinder 175 causes the cover 173 to be driven reciprocally
and to slide along the guide rail 174.

During the working of the work piece, the cover 173 1s
closed and the opeming for working 172 1s closed to prevent
the chips and cutting o1l from scattering to the outside, as
shown 1n FIG. 1. As shown 1n FIG. 2, the cover 173 1s opened
and the opeming for working 172 1s opened when ventilation
1s performed between internal air 1n the working area A and
external air, a work piece 1s attached to and removed from the
chuck 16, a tool 1s attached to and removed from the tool rest
12 and other maintenance 1s performed.

As shown in FIG. 1 and FIG. 2, a temperature sensor 21 1s
provided in the working area A for detecting the air tempera-
ture in the working area A. A plurality of temperature sensors
21 may also be provided for detecting the air temperature of
a plurality of locations in the working area A. In addition, a
temperature sensor 22 for detecting the temperature of the
headstock 13 of the numerically controlled lathe 1 1s mounted
on the headstock 13. The temperature sensor 22 1s a tempera-
ture sensor for detecting the temperature of the main structure
of the numerically controlled lathe 1. The temperature sensor
22 can be mounted not only on the headstock 13 but also be
arbitrarily on one or more main structures such as the bed 11,
the tool rest 12, the tailstock 15 or the like.

Moreover, a temperature sensor 23 for detecting the air
temperature of the room, 1n which the numerically controlled
lathe 1 1s installed, 1s mounted on the right side face of the
body cover 17. The temperature sensor 23 1s an external air
temperature sensor for detecting the external temperature
surrounding the numerically controlled lathe 1. A plurality of
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temperature sensors 23 may also be mounted for detecting the
air temperature at a plurality of external locations.

The block diagram of FIG. 3 showing the numerical con-
trol unit provided with the temperature control apparatus of a
working machine according to an embodiment of the present
invention will now be explained. As shown i FIG. 3, the
numerically controlled lathe 1 comprises a numerical control
unit 3 for controlling the operation of the numerically con-
trolled lathe body 101. The numerical control unit 3 includes
a CPU 31 for governing the control of the overall numerical
control unit 3, a ROM 32 for storing system programs and the
like of the temperature control apparatus of a working
machine and a RAM 33 for storing NC programs, various
parameters and modal information such as tool correction
values.

A PLC (Programmable Logic Controller) 34 controls the
operation of the numerically controlled lathe body 101 by
commands of the M function or T function for supplying or
discontinuing the cutting fluid and imndexing the tool of the
tool rest 12 based on the NC programs and the like stored in
the RAM 33.

Receiving a command from the CPU 31, the control circuit
35 controls the operation of a servo motor (not shown) by
outputting an axis movement command or the like to a servo
amp 36 that drives the servo motor mounted on the numeri-
cally controlled lathe body 101.

A CRT 37 mounted on the operation panel 18 (see FIG. 1
and FIG. 2) displays various types of information such as the
position of the respective axes, alarm, parameters and NC
programs on the screen according to a command from the
CPU 31. The CRT 37 additionally displays an image for
setting the operation time of the ventilating means and an
image for setting the target temperature in the working area
according to a command from the CPU 31. The keyboard 38
mounted on the operation panel 18 1s used by the operator to
input and edit the NC programs, set the operation time of the
ventilating means, set the target temperature of the working,
area and so on. The CRT 37 and the keyboard 38 are con-
nected to a bus line BL via interfaces 37a and 38a, respec-
tively.

An operation time setting memory 391 of the ventilating
means stores the operation time of the ventilating means that
was mput from the keyboard 38. The operation time of the
ventilating means 1s preferable to be a specific time period for
which the numerically controlled lathe 1 1s not operated and
which 1s before the start of business operation (for example,
between 4 AM and 8 AM). Moreover, a target temperature
setting memory 392 for the working area stores a target tem-
perature 11 1n the working area that was mput from the
keyboard 38.

The temperature sensor 21 for detecting the air temperature
in the working area A, the temperature sensor 22 for detecting
the temperature of the headstock 13, the temperature sensor
23 for detecting the air temperature 1n the room and the
cylinder 175 for opening and closing the cover 173, which are
aforementioned, are connected to the bus line BL via inter-
faces 21a, 22a, 23a and 175a, respectively.

FI1G. 4 1s a flowchart showing the operation of the tempera-
ture control apparatus of a working machine according to an
embodiment of the present invention. As shown in FIG. 4, 1n
step S1, the keyboard 38 is used for setting the target tem-
perature 11 1n the working area to be, for example, 20° C.£2°
C. 1n the target temperature setting memory 392 for the work-
ing area. Moreover, the keyboard 38 1s used for setting the
operation time of the ventilating means to be, for example,
between 4 AM and 8 AM in the operation time setting
memory 391 for the ventilating means.
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In step S2, whether the numerically controlled lathe (work-
ing machine) 1 1s being operated 1s checked and the routine
proceeds to step S3 1f the result 1s NO. If the result1s YES, the
operation of the temperature control apparatus 1s ended since
the cover 173 cannot be opened nor closed during the opera-
tion of the numerically controlled lathe 1 due to 1ssues such as
the operator’s safety and the scattering of chips and the like.

In step S3, whether it 1s the operation time o the ventilating
means (for example, between 4 AM and 8 AM) 1s checked and
the routine proceeds to step S4 ifthe result1s YES. ITthe result
1s NO, the operation of the temperature control apparatus 1s
ended since 1t 1s not the time period for operating the venti-
lating means.

In step S4, the temperature sensor 23 for detecting the air
temperature in the room 1s used to measure the air tempera-
ture T2 1n the room, the temperature sensor 21 for detecting
the air temperature 1n the working area A 1s used to measure
the air temperature T3 in the working area and the tempera-
ture sensor 22 for detecting the temperature of the headstock
13 15 used to measure the temperature T4 of the headstock.

In step S35, the average value (arithmetic average value) 'T5
of the air temperature T3 in the working area and the tem-
perature T4 of the headstock 1s calculated. In step S5, the
welghted average value, the median value or the maximum
value of the air temperature 13 in the working area and the
temperature T4 of the headstock may also be calculated.

In step S6, whether the average value T5 1s higher or lower
than both the target temperature T1 in the working area and
the air temperature T2 in the room 1s checked and the routine
proceeds to step S8 1f theresult 1s YES for driving the cylinder
175 to open the cover 173 and open the opening for working
172. Consequently, the internal air in the working area A 1s
replaced with the external air surrounding the numerically
controlled lathe 1 and the temperature 1n the working area
approaches the air temperature T2 1n the room. If the result 1s
NO, the cylinder 175 1s driven 1n order to close the cover 173
and close the opeming for working 172. Consequently, the
replacement of the internal air in the working area A with the
external air surrounding the numerically controlled lathe 1 1s
ended and the operation of the temperature control apparatus
1s ended.

As a specific example, a case 1n the spring or autumn 1s
considered where the target temperature T1 1n the working
area1s 20° C.x2° C., the air temperature 12 1n the room 1s 24°
C. and the average value TS of the air temperature T3 1n the
working area and the temperature T4 of the headstock 1s 30°
C. In this case, T5>T1 and T5>12, so the cylinder 175 1s
driven to open the cover 173 and replace the internal air 1n the
working areca A with the external air surrounding the numeri-
cally controlled lathe 1. When the average value T35 of the air
temperature 13 in the working area and the temperature 14 of
the headstock become equal to the air temperature 12 1n the
room, the cylinder 175 1s driven to close the cover 173 and
close the opening for working 172.

As another specific example, a case 1n the winter 1s con-
sidered where the target temperature T1 1n the working area 1s
20° C.£2° C., the air temperature 12 1n the room 1s 7° C. and
the average value T5 of the air temperature T3 1n the working
area and the temperature T4 of the headstock 1s 25° C. In the
foregoing case, T5>T1 and T5>T12, so the cylinder 175 1s
driven to open the cover 173 and replace the internal air 1n the
working arca A with the external air surrounding the numeri-
cally controlled lathe 1. When the average value T35 of the air
temperature 13 in the working area and the temperature 14 of
the headstock becomes a temperature between the air tem-
perature 12 in the room and the target temperature T1 1n the
working area, the cylinder 175 1s driven to close the cover 173
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and close the opeming for working 172. When the business
operation begins, the heater 1s turned on and the air tempera-
ture T2 1n the room rises to approximately 20° C., the average
value T5 of the air temperature T3 1n the working area and the
temperature T4 of the headstock will become approximately
equal to the air temperature T2 in the room.

As another specific example, a case 1n the winter 1s con-
sidered where the heater 1s turned on early in the morning, the
target temperature T1 1n the working area 1s 20° C.+2° C., the
air temperature T2 in the room 1s 20° C. and the average value
15 of the air temperature 13 in the working area and the
temperature T4 of the headstock 1s 10° C. In the foregoing,
case, I5<T1 and T5<T12, so the cylinder 175 1s driven to open
the cover 173 and replace the internal air 1n the working area
A with the external air surrounding the numerically con-
trolled lathe 1. When the average value 'T5 of the air tempera-
ture T3 1n the working area and the temperature T4 of the
headstock becomes a temperature between the air tempera-
ture T2 1n the room and the target temperature T1 1n the
working area, the cylinder 175 1s driven to close the cover 173
and close the opening for working 172.

In the foregoing embodiment, since 1t 1s possible to elimi-
nate the temperature difference between the temperature in
the room 1n which the working machine 1s installed and the
temperature 1 the working area as a result of opening the
cover and opening the opening for working to replace the
internal air 1n the working area A with the external air sur-
rounding the working machine, an air conditioning unit 1s no
longer required and 1t 1s possible to provide an mexpensive
and energy-saving temperature control apparatus of a work-
ing machine.

In the foregoing embodiment, although the cover 173 as the
ventilating means that covers at least a part of the working,
area A 1s opened and closed, a fan for discharging the air in the
working area A to the outside may also be used.

What is claimed 1s:

1. A temperature control apparatus of a numerically con-
trolled machine tool including ventilating means for replac-
ing internal air in a working area with external air surrounding
the numerically controlled machine tool between the working,
area inside the numerically controlled machine tool and the
exterior of the numerically controlled machine tool, compris-
ng:

at least one temperature sensor that detects at least one

temperature i the working area;

an external air temperature sensor that detects an external

temperature surrounding the numerically controlled
machine tool;

a ventilating means drive unit that drives the ventilating

means; and

a ventilating means control unit that compares one of the at

least one temperature in the working area, which 1s
detected with the at least one temperature sensor, the
external temperature surrounding the numerically con-
trolled machine tool, which 1s detected with the external
air temperature sensor, and a pre-set target temperature
in the working area and, 1n accordance with the result of
the comparison, outputs a signal for driving or stopping
the ventilating means to the ventilating means drive unit
when the numerically controlled machine tool 1s not
being operated,

wherein the ventilating means comprises a cover for an

opening, which covers at least a part of the working area,
and 1s kept closed during the operation of the numeri-
cally controlled machine tool,

wherein when the numerically controlled machine tool 1s

not being operated, the cover 1s opened such that air
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replacement performed by the ventilating means 1s per-
formed only if the one of the at least one temperature 1n
the working area 1s (1) higher than both the external
temperature surrounding the numerically controlled
machine tool and the target temperature in the working
area, or (1) lower than both the external temperature
surrounding the numerically controlled machine tool
and the target temperature 1n the working area,

wherein when the numerically controlled machine tool 1s
being operated, the cover 1s closed such that air replace-
ment performed by the ventilating means cannot be per-
formed, and

wherein air replacement performed by the ventilating

means 1s performed by opening and closing the cover for
the opening only when the numerically controlled
machine tool 1s not being operated.

2. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 1, wherein one of the
at least one temperature in the working area that 1s detected
with the at least one temperature sensor 1s an air temperature
in the working area.

3. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 1, wherein one of the
at least one temperature in the working area that 1s detected
with the at least one temperature sensor 1s a headstock tem-
perature of the numerically controlled machine tool.

4. The temperature control apparatus of anumerically con-
trolled machine tool according to claim 1, wherein the exter-
nal temperature surrounding the numerically controlled
machine tool that 1s detected with the external air temperature
sensor 1s an air temperature 1 the room 1n which the numeri-
cally controlled machine tool is 1nstalled.

5. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 1, wherein the venti-
lating means control unit outputs the signal only during a
specific time period of a day.

6. A temperature control apparatus of a numerically con-
trolled machine tool including ventilating means for replac-
ing internal air in a working area with external air surrounding
the numerically controlled machine tool between the working
area inside the numerically controlled machine tool and the
exterior of the numerically controlled machine tool, compris-
ng:

at least one temperature sensor that detects at least one

temperature in the working area;

an external air temperature sensor that detects an external

temperature surrounding the numerically controlled
machine tool;

a ventilating means drive unit that drives the ventilating

means; and

a ventilating means control unit that compares one of the at

least one temperature in the working area, which 1s
detected with the at least one temperature sensor, the
external temperature surrounding the numerically con-
trolled machine tool, which 1s detected with the external
air temperature sensor, and a pre-set target temperature
in the working area and, 1n accordance with the result of
the comparison, outputs a signal for driving or stopping
the ventilating means to the ventilating means drive unit
when the numerically controlled machine tool 1s not
being operated,

wherein the ventilating means comprises a cover for an

opening, which covers at least a part of the working area,
and 1s kept closed during the operation of the numeri-
cally controlled machine tool,

wherein when the numerically controlled machine tool 1s

not being operated, the cover 1s opened such that air
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replacement performed by the ventilating means 1s per-
formed only 11 the one of the at least one temperature 1n
the working area 1s (1) hugher than both the external
temperature surrounding the numerically controlled
machine tool and the target temperature in the working
area, or (1) lower than both the external temperature
surrounding the numerically controlled machine tool
and the target temperature 1n the working area,

wherein when the numerically controlled machine tool 1s
being operated, the cover 1s closed such that air replace-
ment performed by the ventilating means cannot be per-
formed, and

wherein one of the at least one temperature 1n the working

arca that 1s detected with the at least one temperature
sensor 1s a headstock temperature of the numerically
controlled machine tool.

7. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 6, wherein another of
the at least one temperature in the working area that 1s
detected with another of the at least one temperature sensor 1s
an air temperature in the working area.

8. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 6, wherein the exter-
nal temperature surrounding the numerically controlled
machine tool that 1s detected with the external air temperature
sensor 1s an air temperature in the room 1n which the numeri-
cally controlled machine tool is 1nstalled.

9. The temperature control apparatus of a numerically con-
trolled machine tool according to claim 6, wherein the venti-
lating means control unit outputs the signal only during a
specific time period of a day.
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